This study compared and contrasted data from the stick and modified Braun-Blanquet monitoring protocols in three areas with different land use histories: an unrestored barren area, a young and old restored areas. The study areas are part of extensive degraded of birch woodland and willow shrubland that have partly been re-vegetated.Vegetation and site characteristics were assessed in the three areas using the two protocols and soil sampling to characterize the ecological status of a land that has been re-vegetated. The analysis of the two protocols data indicates similar tendency which is the improvement of the ecological condition of the restored areas compared to the unrestored area. The soil carbon and nitrogen contents increased when the pH decreased with the restoration age. The improvement is better at the old restored area which has received more fertilization compared to the young restoration. Stick method estimated greater cover of vascular plants, litters, mosses and rocks, and lower amount of bare ground than modified Braun-Blanquet. The two protocols provided similar estimates cover of lichens and sedges. Stick method also provided three supplementary indicators which were not included in modified Braun-Blanquet: plants base, basal and canopy gaps. Another observation that could be proved by further studies, stick seemed to be more precise and economical than modified Braun-Blanquet. The indicators provided by the two protocols were related to the three attributes of ecosystems and the rangelands health indicators. This study is a preliminary that cannot be able to recommend one method, but it advocates stick method to assess and monitor vegetation dominated by herbaceous layer as grassland and modified Braun-Blanquet for the one dominated by woody layer.
Introduction
Monitoring biodiversity and detecting changes on natural resources are often been quantified by collecting data on vegetation composition and structure. Assessing plant composition and structure is necessary, but not enough to predict long-term resilience (Herrick et al., 2006b) . Since ecosystem resilience depends on the functioning of ecological processes, it is crucial to base the assessment on them. However, directly assessing ecological processes is difficult due to their complexity and the interactions among them (Pellant et al., 2000) . For that reason, simple indicators that relate ecological processes have been developed for monitoring rangeland condition (Ludwig et al., 2004) . The typical example of indicators is the " Indicators of Rangeland Health' (IRH) developed by the United States land management agencies within a protocol titled 'Interpreting Rangeland Indicators Health" to assess rangelands condition (see Pellant et al., 2000 Pellant et al., , 2005 Pyke et al., 2002; Herrick et al., 2006a; Herrick et al., 2006b; Herrick et al., 2012) . In this protocol, 17 indicators of plants cover and diversity, soil, water component, etc., are used to assess three ecosystem attributes on which all lands use depend: Site and soil stability, hydrologic function, and biotic integrity (Toevs et al., 2011) . Soil and site stability refers to the capacity of a site to limit redistribution and loss of soil resources (e.g. nutrients and organic matter) by wind and water. Hydrologic function is the capacity of a site to capture, store, and safely release water from rainfall, run-off, and snowmelt. Biotic integrity is defined as the capacity of a site within an ecosystem to support natural processes within a normal, or expected, range of variability. Collectively, these three attributes define rangeland health, i.e., how ecological processes (water cycling, energy flow, and nutrient cycling) are functioning within a normal range of variation to support specific plant and animal communities. In practice, quantifiable biological and physical components of ecosystems that are correlated to those attributes are assessed as indicators of ecological processes and site integrity. Biological components of ecosystem include plants cover and composition, functional groups cover and composition, biological crusts, etc. The physical components of ecosystems consist of percentages of bare ground, rocks, etc. Several protocols including modified Braun-Blanquet and line-point intercept methods or recently "stick method", give measures that are used as indicators of some ecosystem attributes (Pellant et al., 2000; Ludwig et al., 2004; Tongway & Hindley 2004; Herrick et al., 2005; Pellant et al., 2005; Riginos & Herrick 2010) . The modified Braun-Blanquet protocol for sampling vegetation is adapted from the Zurich -Montpellier school of phytosociology, one of the classic methods of studying vegetation (Braun-Blanquet, 1932) . Braun-Blanquet protocol, even if it has been challenged to be subjective (Egler, 1954) , the approach is still widely used and is argued to represent scientifically sound, versatile and efficient assessment method in botany (Werger, 1974) . It is developed to identify and describe plants communities, used to monitor effects of changes on plant species within these communities, and to assess restoration or reclamation success of disturbed plant communities (Bonham et al., 2004) . The "stick method" is a modification of the line-point intercept method, developed in context with a monitoring tool for rangeland assessment (see Riginos & Herrick, 2010) . This protocol is suggested for rangelands assessment, it seems to be precise, easy to learn and to apply, and provide easily attributes that relate to productivity, infiltration or runoff and soil loss. Different studies have been carried out to describe several assessment protocols and show their strengths and weaknesses (Stohlgren et al., 1998; Prosser et al., 2003; Anderson & Fehmi, 2005; Carlsson et al., 2005; Godínez-Alvarez et al., 2009) , additionally this study proposed to determine the differences between the protocols described above and how the indicators they provided can be linked to the ecological status of a given land.
This study intends to compare the two protocols, the stick method and modified Braun-Blanquet, for assessing the ecological status of a land that has been revegetated. Specifically, the purposes of the study is to: (1) compare and contrast the two monitoring protocols in three areas with different land use histories: an unrestored barren area, young revegetated area and old revegetated area, located within the same ecological site, (2) assess the succession trend in the three areas; (3) relate the indicators provided by the two protocols to the three key attributes of ecosystem and the Rangeland Health Indicators (RHI) for interpretation; (4) and evaluate the relevance of these simple indicators for sustainable land management.
Material and Methods

Study Area
The study was conducted in southern Iceland (Figure 1 ), 20 m above sea level, at three areas, with similar environmental characteristics and different land use histories: (1) unrestored area and (2) young restoration area (three years old) located at Varmadalur, and (3) old restoration area (seven years old) located at Selalaekur (Figure 2 ). The climate of southern Iceland close to the study area is oceanic-boreal with a mean temperature from 1990 to 2004 of -0.97°C in January and 11.3°C in July, and a mean annual precipitation of 970.38 mm (Icelandic Meteorological Office, unpublished data from Hella weather station). The soils of Iceland, mostly Andosols (WRB; Vitric Andosol) or Andisols (Soil Taxonomy; Vitricryand), formed on volcanic deposit lava were exposed to wind and water erosion (Arnalds et al., 2001 (Arnalds et al., , 2013 . The study sites are part of extensive degraded areas that have partly been revegetated. The cumulative effect of natural disturbances such as the cooling weather, the active volcanos, increased aeolian deposits; and human activities like deforestation, overgrazing added to the susceptibility of the soil to erosion, amplified the degradation (Arnalds, 2000) . The nearby Hekla volcano is very active. It has erupted 20 times in historical times, producing both tephra and andesitic lava flows and has occasionally strewn tephra over the study area (Elmarsdottir et al., 2003) . The history of the study area probably resembles that of large areas in Iceland where wood gathering and heavy grazing has destroyed native birch woodlands and willow shrublands. The soil surface of the study area is typical gravelly sand classified as lag gravel (Arnalds et al., 2001) . The lag gravel soil, seem to result, from the degradation of the birch woodlands and willow shrublands, which were the original vegetation of Iceland at the time of settlement (Gunnlaugsdottir, 1985) . Restoration actions started at southern Iceland about 100 years ago with the objective to increase vegetation cover on eroded areas and improve the pasture for grazing animals by fencing and aerial sowing grass. Treating degraded land with fertilizers, were initiated about 60 years ago with a rate of about 100-150 kg N ha -1 year -1 (see Elmarsdottir et al., 2003; Gretarsdottir et al., 2004) . In this study, treatment were done by application of about 200 kg/ha of inorganic NP (25: 6). The three years old restored area had received three applications of fertilizer and the seven years old restored area four applications. 
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Sampling Vegetation and Site Characteristics with "Stick Method"
Along the four transects of each pre-determined point, a stick of one meter, was laid systematically on the ground at every five meters for recording vegetation and environmental variables. Foliar cover of plants functional groups along the 1-m stick by dropping a metal rod of one mm diameter vertically towards the soil at every 20 cm and all shrub, grass, forb, sedge, moss and lichen, contacted by the rod were recorded, for a total of 25 points/transect and 100 points/predetermined point. At the soil surface, contacts of the rod with plants base, litter, bare ground and rock; and base and canopy gaps through the stick were recorded. The total height of the vegetation which covers the stick, was also estimated visually Plant bases are places where plants are rooted to the ground, it reduced soil erosion by slowing water flowing. When plants are not close together, there are gaps either between plants base or between plants canopy that allow water and wind to pick up enough speed to carry away the soil (see Riginos and Herrick, 2010) .
Sampling Vegetation and Site Characteristics with Modified Braun-Blanquet
Braun-Blanquet five levels of abundance have subsequently been modified into six, eight or ten levels by splitting one, two or three scales in order, to improve the accuracy of the estimated data (Daubenmire, 1959; van der Maarel, 1979) . In this study, plants functional groups were estimated in the quadrats of 0.25 m² using the following eight cover classes: 1 = <1%; 2 = 1-5%, 3 = 6-10%; 4 = 11-15%; 5 = 16-25%; 6 = 26-50%; 7 = 51-75%; and 8 = 76-100%. The cover of total plants and other vegetation, percentages of bare ground, rock, litter and the height of the tallest branch were also recorded. The two protocols provide measurement of similar indicators, but Modified Braun-Blanquet does not include measures of plants base, basal and canopy gaps offered by the stick method.
Soils Sampling
Soils surface layer were sampled in the centre of each 0.25 m² quadrat, with an auger, to the depth of five cm, and then the five samples from each quadrat were mixed to make a composite sample. Soils were dried at 30ºC and passed through a 2 mm sieve to prepare them for analysis. Furthermore, the soil samples were checked for moisture content at the time of analysis for adjusting results. Total carbon (g/kg) and nitrogen (g/kg) contents were determined by dry combustion using Vario Max C/N-Macro Elemental Analyser. Soil pH was measured with electrodes in a 1:5 soil-water suspension (Blakemore et al., 1972) .
Data Analysis
Statistical analysis was done on the mean cover of total vascular plants, functional groups, litter, rocks, bare ground, plants base and basal gaps recorded in the three treatments. Before analysis, the cover scores from modified Braun-Blanquet were transformed to percentages by using the central value of each cover class and averaged over all the five quadrats of each 10 m × 10 m plot (cf Aradottir, 2012) . The amount of shrub, grass, forb, sedge moss and lichen, base, litter, bare ground, rock, base and canopy gaps recorded on transects by the stick, were also averaged for each pre-determined point. Thus, there were four data points for each protocol in each area (treatment), for a total of 12 points. The pooled data from the two protocols was used to test for effects of assessment protocol, restoration age (treatment) and their interaction by analysis of variance (ANOVA, Generalized Linear Model) where restoration age was nested within the sample areas. The relationships between measurements by the two protocols were also analysed using the correlation of Pearson (r). For the using of Analysis of Variance (ANOVA) and Pearson Correlation, the normalities of the pooled data were tested by using the test of Kolmogorov-Smirnov. When the normality and equal variances were not met, the data were ln(x + 1), lnx, square-root or ASINH transformed. Transformation by ln(x + 1) was used for amount of rock and bare ground, lnx for litter cover, square-root for sedge cover and ASINH for moss, lichen, grass, forb and shrub covers. One way ANOVA was used to test the differences of soil pH, total nitrogen and carbon contents, and C/N ratio among treatments (restoration ages). The ANOVAs, normality and correlation tests were done with Minitab v.14. (Dytham, 2011) . Principal Component Analysis (PCA), a multivariate test which weights the variables to maximize the variance of the response variable (Dytham, 2011) , was used to visualize the differences between the two protocols in ordination space. PCA was also done separatly on the two data sets, to observe how well they reflect difference in functional groups cover and composition, and changes in site characteristics.In the PCAs, cover of grass, forb, sedge, moss, shrub and lichen were used as variables of abundance. The PCAs were done using PC-ORD v.5.0 (McCune & Grace, 2002 
Comparison of the two Protocols
Strong correlation was observed between the stick method and modified Braun-Blanquet protocols for cover of total vegetation (r = 0.95), rocks (r = 0.86), bare ground (r = 0.91), moss (r = 0.87), grass (r = 0.93) and forb (r = 0.73). On the other hand, there was no relationship between the protocols for cover estimates of shrub, sedge, lichen and litter. Comparison between the stick method and modified Braun-Blanquet protocols (Figure 7) showed only similar cover estimates of sedge and lichen. Stick method gives higher cover values of total plant, rocks, grass, moss, litter, forb and shrub than modified Braun-Blanquet. On the other hand, modified Braun-Blanquet tended to estimate higher bare ground cover than stick method. 
Effects of Restoration Activities on Soil Surface Properties
Compared to the unrestored area, soil carbon (C) and nitrogen (N) contents and the C/N ratio increased significantly with restoration ages while pH decreased significantly with restoration ages (p < 0.001) (Figure 8 ). 
Discussion
Successional Trend and Interpretation of the Quantitative Indicators
Compared to the unrestored area, the restored areas condition was changed by the restoration action, which led to increase cover of vascular plants, lichen and moss, plants base, litter, soil carbon and nitrogen contents, and C/N ratio; and decrease cover of bare ground, rocks, basal gaps and soil pH. When the carbon and the soil contents were increasing with the restoration age in the restored areas, the pH was decreasing. The quantitative indicators showed the recovery of the fertilized areas. The differences between the three areas could be attributed to the age of restoration and the number of fertilizer applications. The abiotic and biotic conditions of the unrestored area can also constrain seedling survival and plants growth (Elmarsdottir et al., 2003) . Fertilization may remove the constrained by improving the soil fertility at the restored areas. This may enhance the stability and the hydrological functions of the soil. Stabilized and high infiltrated soil could facilitate the turnover and the establishment of the plant species that increase plants productivity through the availability of safe microsite and the capture of wind-blown seeds (Gretarsdottir et al., 2004) . Plants biomass production may increase foliar cover of vascular plants and base, and litter production that reduce the surface of bare ground and the amount of rocks. The enhancement of foliar cover of vascular plants can create a microclimate that can allow the establishment and the expansion of the understorey layer such as lichen and moss. According to Elmarsdottir et al. (2003) , application of fertilizer without additional seeding on degraded lands can enhance favourable microsite availability and the turnover of native species, and expand plants cover. Site treatments such as seeding, planting turfs, fertilizing, organic mulching or soils physical treatment were known to accelerate succession by improving biotic and abiotic conditions of degraded lands (Aronson et al., 2006; Prach & Hobbs 2008; Řehounková & Prach, 2008; Aradottir, 2012) .
Sustainability of the restored area depends on the recovering of the biotic integrity, hydrological functions and soil stability (Herrick et al., 2012) . These attributes are the foundation of resilience; i.e. the capacity of the site to recover after perturbation (Holling, 1973) . The simple quantitative indicators can be measured as surrogates to the attributes of resilience and the rangeland indicators health (RHI) (Pellant et al., 2005; Riginos & Herrick, 2010; Kachergis et al., 2011) (Table 1) . Biotic integrity as surrogate to energy capture and nutrient cycling can be simply measured by cover of plants, lichen and moss, soil carbon and nitrogen contents, etc.; hydrological functions can be simply measured by cover of bare ground, rocks, basal gaps etc.; soil stability can be estimated by plants cover, litter distribution, soil carbon and nitrogen contents, etc. Therefore, restored area with high cover of vascular plants, lichen and moss and high contents of nitrogen and carbon has a great biotic integrity. These also infer low bare ground, basal gaps and rocks which address improved hydrological functions and soil stability. Some of the indicators can act for more than one attribute, e.g. degraded area with a high cover of bare ground allows water flow and soil loss, which reflects low foliar cover and infer reduced soil stability and biotic integrity. Accordingly, the quantitative indicators can be assessed to address nearby ecosystem functions. This information may probably include biodiversity, plants mortality, soil condition, nutrient and energy fluxes, etc. that are likely to address future changes. Herrick et al. (2012) suggested to use those simple indicators, which reflect both earlier and future changes to monitor short and long term effects of management. These informations could be extrapolated to a large area, by using remote sensing and Geographic Information System (GIS) tools. Such simple indicators were needed for assessment and monitoring land management because they can act for more than one attributes of ecosystems and cover a large landscape (Ludwig et al., 2004) . Temporal measurements of these indicators can also be stocked in a data base, integrated in conceptual models such as (Karl & Herrick, 2010) .
Comparison of the two Monitoring Protocols
Similar trends were observed in the recovery of the restored areas when data from monitoring protocols were analysed separately. Both protocols showed greater plants foliar cover and base, functional groups abundance, soil carbon and nitrogen contents and C/N ratio and lower bare ground, rocks, plants basal gaps and soil pH at the restored areas. Consequently, the indicators revealed the gradual improvement of the ecological condition of the restored areas, which is better at the old restoration area than at the young restored area. Analysis of the pooled data showed variations of assessment data between the three treatments, samples and the two methods despite the surveying of the same areas. These variations could be attributed to the difference of the data provided by the two protocols. Compared to modified Braun-Blanquet, the stick method gave lower cover of bare ground while modified Braun-Blanquet tended to give lower cover of total plants, litter, moss shrub, forb, grass, lichen, and litter (Figure 4 ). This variation could be also attributed to the difference of the sampling locations at the same pre-determined point, but variation between protocols and plots could be more important than between surveying locations (Anderson & Fehmi, 2005) . Moreover plants were recognized to have spatial patterns than being distributed uniformly. In fact, changes in surveying location could allow change in vegetation data in the same plants community (Carlsson et al., 2005) . Observer behaviour in placing the sample and the rod, following the transect, and ocular estimation level (Tonteri, 1990) could also affect the data. Experience of the observer in vegetation sampling has been shown to improve the accuracy of the data (Kercher et al., 2003; Carlsson et al., 2005; Milberg et al., 2008) .
As the two protocols provided similar tendencies, they led to a comparable interpretation of the data. Hence, the differences observed should be considered as bias that could be linked to the differences between the two protocols and the spatial variability of the vegetation. These factors could interact and influence the precision of the data. Studies to compare the accuracy of ocular estimation of cover such as modified Braun-Blanquet, Daubenmire and modified Whittaker plots, etc to other methods of surveying vegetation (Kercher et al., 2003; Leis et al., 2003; Anderson & Fehmi, 2005; Godínez-Alvarez et al., 2009; Laliberté et al., 2010) have shown that ocular estimation can lower estimate plants cover, but it seems to have great potential to detect maximum species number of assessing areas compared to the line-point intercept. Consequently, ocular estimates methods seem to be good to monitor and assess biodiversity (Stohlgren et al., 1998; Godínez-Alvarez et al., 2009) . Ocular estimates methods also seem to be consistent for assessing shrub cover than line-point intercept protocol (Brun & Box, 1963; Floyd & Anderson, 1987) . Godínez-Alvarez et al. (2009) supported to use ocular estimates method to assess vegetation dominates by shrubs. The stick method is a modification of line-point intercept. Compared to ocular estimations methods, line-point intercept seems to be more precise to measure foliar cover (Godínez-Alvarez et al., 2009; Kercher et al., 2003) . Accordingly, the stick method may also be more accurate to estimate cover of vascular plants, lichen, moss, rocks and litter than modified Braun-Blanquet. It provided three supplementary indicators which were not available by modified Braun-Blanquet: basal and canopy gaps, and plants base that are related to wind and water erosion, and infer hydrological functions, biotic integrity and soil stability. It is also a science-based monitoring protocol that can be simply used by local communities without assistance (Riginos & Herrick, 2010) , which makes it very useful in land assessment as in the "Farmers Heal the Land" project. Other observations to be proved by further studies, stick method seem to be more economic in time than modified Braun-Blanquet.
Conclusion and Recommendation
The main purpose of land management assessment and monitoring is to provide indicators that can reliably assess the condition of the land. The investigation showed that the two assessing protocols provide the same tendency. The estimate indicators can be related to the three attributes of ecosystems that include soil stability, hydrological functions and biotic integrity, and the indicators of rangeland health. The information from the two protocols could be extrapolated to a large area using remote sensing and GIS tools. The results can also be integrated in conceptual models such as S & T models to identify management trends, thresholds for the control of the management. This study revealed the robustness of the two protocols to assess and monitor land management. Compared to the modified Braun-Blanquet, the stick method seems to estimate greater cover of vascular plants, moss, litter and rocks. The two protocols provide similar estimates cover of lichen and sedge. In spite of that, the stick method may better assess lands condition and monitor revegetated lands because it also provides supplementary indicators like plants base, basal and canopy gaps that are not provided by modified Braun-Blanquet protocol.
